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Background: The appendix has a complicated immune function, and appendectomy
may derange the immune system. Studies on the relationship between appendectomy
and subsequent inflammatory bowel disease (IBD) have been inconsistent. We
conducted a nationwide cohort study consisting of individuals who underwent
appendectomy to evaluate the incidence and risk of ulcerative colitis (UC) and
Crohn’s disease (CD).

Methods: We identified patients aged >20 years who underwent appendectomy
between 2000 and 2012 from inpatient claims of the National Health Insurance Research
Database (NHIRD) and assigned them to the appendectomy cohort. Then, we randomly
selected patients without appendectomy in the NHIRD and assigned them to the
comparison cohort in a frequency-matched 1:1 ratio based on sex, age, and index year.
We tracked down all participants until IBD diagnosis, death, or the end of 2013. Cox
models were used to estimate the hazard ratio (HR), and 95% confidence intervals (Cls)
were used to compare the IBD risk between the appendectomy and comparison cohorts.

Results: The appendectomy and comparison cohorts in the study consisted of 246 562
patients each. The appendectomy cohort exhibited a 2.23- and 3.48-fold higher risk
of UC (adjusted HR = 2.23, 95% Cl = 1.59-3.12) and CD (adjusted HR = 3.48,
95% Cl = 2.42-4.99), respectively, than did the comparison cohort. UC and CD risks
significantly increased in the appendectomy cohort regardless of whether appendicitis
was present.

Conclusions: Our study suggests that appendectomy increases UC and CD risks
irrespective of appendicitis.

Keywords: appendectomy, inflammatory bowel disease, ulcerative colitis, Crohn’s disease, cohort study

INTRODUCTION

The human appendix is similar to a diverticulum of the cecum, which is considered a vestigial
organ. Previously, the biological function of the appendix was unclear; therefore, it was surgically
removed on inflammation. Clinicians consider appendectomy a safe and effective technique for
managing appendicitis (1). In the United States, the lifetime appendectomy risks in men and
women are 12 and 23% but the lifetime appendicitis risks are 8.6 and 6.7%, respectively (2). In
Taiwan, 10.8% of appendectomies were not related to appendicitis (3).
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The submucosa of the appendix contains numerous lymphoid
follicular centers. In addition, complicated immune system
cells are present in the mucosa (e.g., Treg cells, M cells,
and T and B cells) and submucosa (e.g., B lymphocytes, T
lymphocytes, macrophages, centrocytes, and CD4"/CD8™ cells)
of the appendix (4, 5). Studies have indicated that the appendix
interacts with intestinal flora and balances the intestinal immune
system (4-7). The bacteria in the appendix may act as a
biofilm inoculum of the intestinal commensal microbiome,
which facilitates reinoculation of the proximal large bowel and
terminal ileum. The complex immune system and a shelter for
microbiome in the appendix can balance proinflammation and
antiinflammation of the bowel and maintain homeostasis (4).

Inflammatory bowel diseases (IBDs) mainly consist of Crohn’s
disease (CD) and ulcerative colitis (UC), which cause prolonged
inflammation of the digestive tract. IBDs considerably affect
health-related quality of life and markedly increase health care
costs (8, 9). The incidence of IBDs has increased steadily in
Taiwan (10). The exact cause of IBDs remains unclear. In
addition to genetics, the environmental composition of intestinal
microbiome may play a role in uncontrolled gut inflammation
(11). However, the relationship between appendectomy and IBD
development has been controversial in Western countries (12—
14). Studies on the association of appendectomy with subsequent
IBD risk are scant. Therefore, we conducted a nationwide cohort
study to examine whether IBD risk is higher in the appendectomy
cohort than in the non-appendectomy cohort.

METHODS

Data Source

The data for this study were obtained from the National Health
Insurance Research Database (NHIRD). The Taiwan government
launched a National Health Insurance Program (NHIP) in 1995.
NHIP provides comprehensive medical care services to nearly
all (99%) residents in Taiwan. The health information, which
includes claims of the inpatients and outpatients and medications
prescribed, was recorded in the NHIRD. For patient privacy, the
data were deidentified. In this cohort study, we used all inpatient
data from 2000 to 2013.

Study Sample

The present cohort study consisted of case and comparison
groups. People who underwent appendectomy (International
Classification of Diseases, Ninth Revision, Clinical Modification
[ICD-9-CM] codes 47.0 and 47.1) were recruited as the
case group.

We defined the first operation date of appendectomy as the
index date. Patients with IBD diagnosis (ICD-9-CM codes 555
and 556) before the index date were excluded. The comparison
group consisted of people without a history of IBDs and
appendectomy. Participants aged <20 years were excluded from
both the groups. Controls were matched with patients in the
case group based on sex, age, and index year with a 1:1 ratio.
All participants were followed from the index date to withdrawal
from the NHIP, death, or end of the study (December 31, 2013).

TABLE 1 | Comparison of demographics and comorbidities between patients
with and without appendectomy.

Appendectomy

Yes (N = 246,562) No (N = 246,562)

n (%) n (%) p-value

Age, years 0.99

20-34 94,814 (38.5) 94,814 (38.5)

35-49 74,812 (30.3) 74,812 (30.3)

>50 76,936 (31.2) 76,936 (31.2)

Mean (SD)" 43.3(16.7) 43.1 (16.9) <0.001
Gender 0.99

Female 119,806 (48.6) 119,806 (48.6)

Male 126,756 (51.4) 126,756 (51.4)
Comorbidity

CAD 8,657 (3.51) 6,011 (2.44) <0.001

Hypertension 26,628 (10.8) 13,128 (5.32) <0.001

Diabetes 14,566 (5.91) 7,602 (3.08) <0.001

Hyperlipidemia 6,080 (2.47) 3,815 (1.55) <0.001

CVA 6,764 (2.74) 5,462 (2.22) <0.001

Heart failure 2,837 (1.15) 1,845 (0.75) <0.001

COPD 4,237 (1.72) 2,758 (1.12) <0.001

CKD 2,056 (0.83) 834 (0.34) <0.001

Alcohol-related diseases 2,250 (0.91) 1,282 (0.52) <0.001

Cirrhosis 8,729 (3.54) 4,529 (1.84) <0.001

Biliary stone 6,167 (2.50) 3,070 (1.25) <0.001

Categorical data were examined using a chi-squared test; fcontinuous data were
examined using a t-test.

CAD, coronary artery disease; CKD, chronic kidney disease; COPD, chronic obstructive
pulmonary disease; CVA, cerebrovascular disease; SD, standard deviation.

Main Outcomes and Covariates

The endpoint of this study was defined as IBD diagnosis
(ICD-9-CM codes 555 and 556), including UC (ICD-9-CM
code 556) and CD (ICD-9-CM code 555). We divided
participants into 3 age groups: 20-34 vyears, 35-49 years,
and >50 years. Some IBD-related medical comorbidities,
including hypertension (ICD-9-CM codes 401-405), diabetes
(ICD-9-CM code 250), hyperlipidemia (ICD-9-CM code 272),
cardiovascular disease (ICD-9-CM codes 430-438), heart failure
(ICD-9-CM code 428), chronic obstructive pulmonary disease
(ICD-9-CM codes 491, 492, and 496), chronic kidney disease
(ICD-9-CM codes 580-589), alcohol-related diseases (ICD-9-
CM codes 291, 303, 305.00, 305.01, 305.02, 305.03, 571.0-
571.3, 790.3, and V11.3), cirrhosis (ICD-9-CM code 571), and
biliary stones (ICD-9-CM code 574), were considered potential
confounding factors.

Statistical Analysis

A chi-square test was used for comparing the categorical
variables between case and comparison groups. The mean age
was examined using the student t-test. Then, we calculated
the IBD incidence rates (per 10,000 person years) among
the two groups. Hazard ratios (HRs) were estimated using
a Cox proportional hazards model and adjusted using the
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TABLE 2 | Incidence and adjusted hazard ratio of inflammatory bowel disease based on sex, age, and comorbidities for patients with appendectomy compared with

controls.
Appendectomy Compared to control
Yes No
Variables Events PY Rate* Events PY Rate* Crude HR (95% CI) Adjusted HR' (95% ClI)
All 255 1,737,942 14.7 87 1,766,861 4.92 2.98 (2.38, 3.79)* 2.78 (2.17, 3.65)™**
Ulcerative colitis (UC) 116 6.67 49 2.77 2.40 (1.72, 3.36)"** 2.23(1.59, 3.12)**
Crohn’s disease (CD) 139 8.00 38 2.15 3.71 (2.59, 5.31)** 3.48 (2.42, 4.99**
Gender
Female 119 851,339 14.0 38 863,289 4.40 3.17 (2.20, 4.57)* 2.95 (2.04, 4.26)**
Male 136 886,602 16.3 49 903,572 5.42 2.82 (2.04, 3.91)** 2.64 (1.90, 3.67)**
Age, years
<34 101 713,152 14.2 29 704,429 412 3.45(2.28, 5.21)"** 3.33 (2.20, 5.04)***
35-49 64 553,971 1.6 13 560,303 2.32 4.98 (2.74, 9.03)** 4.63 (2.54, 8.44)*
>50 90 470,819 191 45 502,128 8.96 2.13 (1.49, 3.04)* 1.81 (1.26, 2.60)™
Comorbidity
No 175 146,6719 1.9 63 1,628,953 3.87 3.09 (2.32, 4.12)* 3.12 (2.34, 417
Yes 80 271,222 29.5 24 137,908 17.4 1.69 (1.07, 2.67)* 1.75 (1.1, 2.77)*

Rate", incidence rate per 10,000 person-years; Crude HR, relative hazard ratio; Adjusted HRT, adjusted hazard ratio after control for age, sex, and comorbidities of CAD, hypertension,
diabetes, hyperlipidemia, CVA, heart failure, COPD, CKD, alcohol-related diseases, cirrhosis, and biliary stone.
CAD, coronary artery disease; Cl, confidence interval; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular disease; PY, person years;

SD, standard deviation.
*P < 0.05, **P < 0.01, *P < 0.001.

variables of age, sex, and comorbidities into the multivariable
Cox proportional hazards model. Furthermore, we analyzed
the association between the follow-up period and IBDs. The
cumulative incidences of IBDs in the 2 groups were estimated
using the Kaplan-Meier method. Furthermore, the log-rank test
was used to evaluate the difference between the two curves. The
statistical significance level was represented by a P-value of <.05
for all tests.

RESULTS

A total of 493,124 participants were included in this study.
The mean follow-up time for the appendectomy group was
7.05 (£3.91) years, and that for the comparison group was
7.17 (£3.88) years. The distribution of demographics and
comorbidities between appendectomy patients and controls
is presented in Tablel. The proportions of age groups
and gender were not significantly different between the
2 groups. Most of the study population was in the age
group of 20-34 years (38.5%) and most participants were
male (51.4%). The mean age of the case group was 43.3
(£16.7) years and that of the control group was 43.1 (16.9)
years. The proportion of patients with comorbidities was
significantly higher in the appendectomy group than in the
control group.

Table2 shows the incidence and HRs of IBDs. The
incidence rate of IBDs in the case group was 14.7 per
10,000 person years, and that in the comparison group was

4.92 per 10,000 person years. The IBD risk in patients with
appendectomy was 2.78-fold higher than (95% confidence
interval [CI] = 2.17-3.55) that in people without appendectomy.
Appendectomy increases UC risk by 2.23 times (95% CI =
1.59-3.12). The adjusted HR of CD for appendectomy patients
compared with controls was 3.48 (95% CI = 2.42-4.99).
Appendectomy increased IBD risk regardless of gender or
age groups. The adjusted HR of IBDs was higher in patients
with appendectomy than in patients without appendectomy
irrespective of comorbidities (adjusted HR = 3.12, 95% CI =
2.34-4.17 in patients without comorbidity and adjusted HR
= 1.75, 95% CI = 1.11-2.77 in patients with comorbidity,
respectively).

The incident rates and HRs of IBDs stratified based on the
follow-up period are presented in Table 3. The adjusted HRs of
IBDs for patients with appendectomy relative to controls were
3.99 (95% CI = 2.69-5.91), 2.67 (95% CI = 1.64-4.35), and 1.74
(95% CI = 1.14-2.66) in people with a follow-up time of <3,
3-6, and >6 years, respectively. For UC and CD, the highest
adjusted HR was observed in patients with a follow-up time of
<3 years.

Table 4 presents the incidence and risk of UC and CD
for the appendectomy cohort without appendicitis and with
appendicitis compared with those for the non-appendectomy
cohort. The incidence and risk of UC (134 vs. 2.77 per
10 000 person years, adjusted HR = 3.19, 95% CI = 1.86-
5.50) and CD (14.8 vs. 2.15 per 10,000 person years, adjusted
HR = 6.13, 95% CI = 3.54-10.6) were substantially higher
in the appendectomy cohort without appendicitis than in the
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TABLE 3 | Incidence and adjusted hazard ratio of inflammatory bowel disease based on follow-up period for patients with appendectomy compared with controls.

Appendectomy Compared to control
Yes No
Variables Events PY Rate” Events PY Rate* Crude HR (95% Cl) Adjusted HRt (95% CI)
All
Follow-up time, years
<3 131 678,513 19.3 31 685,753 4.52 4.26 (2.88, 6.31)** 3.99 (2.69, 5.91)**
3-6 64 504,262 12.7 22 512,187 4.30 2.96 (1.82, 4.80)** 2.67 (1.64, 4.35)**
>6 60 555,167 10.8 34 568,921 5.98 1.81(1.19, 2.75)* 1.74 (1.14, 2.66)"
Ulcerative colitis (UC)
Follow-up time, years
<3 54 7.96 15 2.19 3.63 (2.05, 6.44)** 3.30 (1.85, 5.88)**
3-6 32 6.35 11 215 2.96 (1.49, 5.86)"* 2.67 (1.34, 5.34)"*
>6 30 5.40 23 4.04 1.34 (0.78, 2.30) 1.28(0.74, 2.22)
Crohn’s disease (CD)
Follow-up time, years
<3 77 11.4 16 2.33 4.85 (2.83, 8.32)** 4.58 (2.67, 7.87)™**
3-6 32 6.35 11 2.15 2.95 (1.49, 5.86)** 2.65 (1.33, 5.29)**
>6 30 5.40 11 1.93 2.80 (1.40, 5.58)** 2.69 (1.34, 5.40)**

Rate", Incidence rate per 10,000 person-years; Crude HR, relative hazard ratio; Adjusted HR', adjusted hazard ratio after control for age, sex, and comorbidities of CAD, hypertension,
diabetes, hyperlipidemia, CVA, heart failure, COPD, CKD, alcohol-related diseases, cirrhosis, and biliary stone.
CAD, coronary artery disease; Cl, confidence interval; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular disease; PY, person years;

SD, standard deviation.
*P < 0.05, **P < 0.01, ™*P < 0.001.

TABLE 4 | Comparison of the HRs of ulcerative colitis and Crohn’s disease among patients who underwent appendectomy with and without appendicitis and controls.

Variable N Event Rate* Crude HR (95% CI) Adjusted HRT (95% CI)
Ulcerative colitis
Non-appendectomy 246,562 49 2,77 1.00 1.00
Appendectomy
Without appendicitis 21,996 19 13.4 4.81(2.83, 8.16)** 3.19 (1.86, 5.50)**
With appendicitis 224,566 97 6.08 2.19 (1.55, 3.09)*** 2.11 (1.49, 2.98)**
Crohn’s disease
Non- appendectomy 246,562 38 2.15 1.00 1.00
Appendectomy
Without appendicitis 21,996 21 14.8 6.77 (3.97, 11.5)"** 6.13 (3.54, 10.6)"**
With appendicitis 224,566 118 7.39 3.43(2.38, 4.95)"** 3.24 (2.24, 4.68)"**

Rate*, incidence rate per 10,000 person-years; Crude HR, relative hazard ratio; Adjusted HR, adjusted hazard ratio after control for age, sex, and comorbidities of CAD, hypertension,
diabetes, hyperlipidemia, CVA, heart failure, COPD, CKD, alcohol-related diseases, cirrhosis, and biliary stone.
CAD, coronary artery disease; Cl, confidence interval; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CVA, cerebral vascular disease; PY, person years;

SD, standard deviation.
P < 0.001.

non-appendectomy cohort. However, the incidence and risk of
UC (6.08 vs. 2.77 per 10,000 person years, adjusted HR =
2.11, 95% CI = 1.49-2.98) and CD (7.39 vs. 2.15 per 10,000
person years, adjusted HR = 3.24, 95% CI = 2.24-4.68) were
higher in the appendectomy cohort with appendicitis than in the
non-appendectomy cohort.

Table 5 lists the incidence and risk of UC and CD
among patients of various ages with appendectomy

compared

with  the

corresponding

controls.  The

incidence and risk of UC and CD were significantly

higher in the
appendectomy  was

when

appendectomy

corresponding controls.
Figure 1 shows that the cumulative incidence of IBDs in
patients with appendectomy was significantly higher than that of

the comparison group (P-value < 0.001).

cohort
conducted

irrespective  of
than in the
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TABLE 5 | Comparison of the HR for ulcerative colitis and Crohn’s disease among patients who underwent appendectomy at different ages.

Appendectomy Compared to control
No Yes

Variables Events PY Rate* Events PY Rate* Crude HR (95% CI) Adjusted HR' (95% CI)
Ulcerative colitis (UC) 49 176,6861 2.77 116 1,737,942 6.67 2.40 (1.72, 3.36)"** 2.23(1.69, 3.12)***
Age, years

<34 15 704,429 2.13 35 713,162 4.91 2.31 (1.26, 4.22)™** 2.17 (1.18, 3.99)**

35-49 8 560,303 1.43 27 553,971 4.87 3.42 (1.65, 7.562)™** 3.41 (1.64, 7.54)*

>50 26 502,128 5.18 54 470,819 1.5 2.21(1.39, 3.53)*** 1.89 (1.17, 3.04)**
Crohn’s disease (CD) 38 176,6861 2.15 139 1,737,942 8.00 3.71 (2.59, 5.31)** 3.48 (2.42, 4.99)*
Age, years

<34 14 704,429 1.99 66 713,152 9.25 2.31(1.26, 4.22)** 217 (1.18, 3.99)

35-49 5 560,303 0.89 37 563,971 6.68 3.42 (1.55, 7.52)** 3.41 (1.54, 7.54)*

>50 19 502,128 3.78 36 470,819 7.65 2.21(1.39, 3.53)"** 1.89 (1.17, 3.04)**

Rate", Incidence rate per 10,000 person years; Crude HR, relative hazard ratio; Adjusted HR', adjusted hazard ratio after control for sex and comorbidities of CAD, hypertension,
diabetes, hyperlipidemia, CVA, heart failure, COPD, CKD, alcohol-related diseases, cirrhosis, and biliary stone.
CAD, coronary artery disease; Cl, confidence interval; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular disease; PY, person years;

SD, standard deviation.
*P < 0.05, **P < 0.01, *™*P < 0.001.

DISCUSSION

The nationwide cohort study indicated that the appendectomy
cohort exhibited a higher incidence rate of IBDs than did the
comparison cohort regardless of age, sex, and comorbidity. The
appendectomy cohort had a 2.78-fold higher adjusted HR of
IBDs (2.23-fold higher adjusted HR of UC and 3.48-fold higher
adjusted HR of CD) than did the comparison cohort. Our results
were comparable with a large case—control study, which showed
a 1.6 and 2.5 times higher risk of UC and CD after appendectomy
based on inpatient records from Veterans Affairs hospitals in the
United States (15).

Andersson et al. (14, 16) reported that appendectomy is
associated with an increased CD risk but a decreased risk of
subsequent UC through an observational study of the Swedish
Inpatient Registry. However, Andersson et al. indicated that
only those patients who underwent appendectomy <20 years
decreased a risk of UC development. Our study participants
excluding patients <20 years may partially explained the
controversial finding on the risk of UC. A retrospective case-
control study from two Chinese hospitals did not show a
significant negative association between appendectomy and UC
occurrence (17).

Although IBD prevalence is higher in Western countries than
in Taiwan, the incidence and prevalence of IBD have been rapidly
increasing in Taiwan (10, 18, 19). The exact IBD pathogenesis
remains to be elucidated, although IBD is generally considered
to be related to genetic susceptibility and environmental
factors (20, 21). Epigenetic modifications influenced by gut
microbiota and diet may pay a role in IBD development (22,
23). Western-style diet may predispose people to IBD (24).
Many people in Taiwan have shifted to a Western-style diet,

which may be associated with an increased IBD incidence in
Taiwan (25).

The vermiform appendix contains substantial lymphoid
tissue and may act as a microbial reservoir for beneficial
microbes to reinoculate the gut if required (6). The appendix
provides a complex microbial environment for the homeostasis
of immunologically and metabolically active organs (26, 27).
Therefore, the appendix may serve as an organ to induce
and maintain the mucosal immune system. An animal study
indicated that appendectomy impairs intestinal immunity, which
may be related to IBD development (28). Gut microbiota
alteration in IBD may activate immune responses, interfere in
homeostasis, cause tissue injury, decrease the mucus layer, and
enhance microbial penetration and bacterial persistence in the
gut tissue (29).

Anderson et al. conducted a cohort study by recruiting
patients who underwent appendectomy from the inpatient
registry database of the Swedish National Board of Health and
Welfare and indicated that appendectomy due to appendicitis
is associated with a decreased risk of subsequent UC (16).
In contrast, no significant risk difference of UC was noted
between appendectomy patients without inflammatory
appendix and non-appendecomy controls (16). Frisch et al.
suggested that patients aged <20 years at appendectomy for
appendicitis or mesenteric lymphadenitis were related to
reduced risk of UC development in Sweden and Denmark
cohort studies (30). However, our study showed that the
appendectomy cohort had increased UC risk regardless
of whether the patient had appendicitis. Moreover, the
UC risk was significantly higher in the appendectomy
cohort than the non-appendectomy cohort irrespective of
the age at appendectomy in the adulthood. The difference
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FIGURE 1 | Cummulative incidence of inflammatory bowel disease in patients with appendectomy and comparison patients.

between Western studies and our study may be due to racial
variances and dysregulated gut microbiota due to environmental
insults (31).

The appendectomy cohort, irrespective of appendicitis,
exhibited a considerably increased CD risk compared with
the non-appendectomy cohort. The findings were consistent
with those of previous studies (14). In addition, CD risk was
significantly higher in the appendectomy cohort than in the non-
appendectomy cohort irrespective of the age at appendectomy.
The incidence rate of CD after appendectomy was the highest
in the first 3 years. The risk of subsequent CD in the
appendectomy cohort remained considerably higher than in the
non-appendectomy cohort after 6 years following appendectomy.

This longitudinal cohort study estimated the incidence and
risk of IBD in a large Asian population that underwent
appendectomy. The study cohort could be followed throughout
the follow-up period through NHIRD records because the NHI is

mandatory and universal in Taiwan. However, several limitations
should be noted when interpreting the results. First, coexistence
of IBD and appendicitis was noted at appendectomy, which
would be diagnosed by the pathologist. Second, the Western
dietary habit of the study participants was not investigated in
the current study. However, we controlled for the comorbidities
of hyperlipidemia, diabetes, and hypertension to mediate the
effect of a Western-style diet (32, 33). Third, familial history
of IBD and smoking behavior in the study participants were
not available in the NHIRD, which may have influenced the
study results.

In summary, a nationwide cohort study indicated that
the incidence and risk of CD and UC are higher in the
appendectomy cohort than in the non-appendectomy cohort.
The results highlight that clinicians must be aware that
Asian patients undergoing appendectomy may develop CD
or UC.
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